Abstract: After a commercial whaling moratorium was enacted in 1986, whale watching became one of the fastest growing tourism industries worldwide. As whaling is regarded as an activity that is incompatible with whale watching, the possible resumption of commercial whaling has caused an urgent need to investigate the potential negative effects of whaling on the whale-watching industry. We examine the potential impacts of whaling on the global whale-watching tourism industry using an unbalanced panel data model. The empirical results indicate that the resumption of commercial whaling has the potential for a negative effect on the global whale-watching industry, especially for nations that are engaged in whaling.
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Under the IWC rules of the commercial whaling moratorium, aboriginal whaling conducted by communities in several countries, including Denmark (Greenland), the Russian Federation (Siberia), St. Vincent and the Grenadines (Bequia), and the USA (Alaska), who hunted for subsistence purposes, was recognized by the IWC.
Aboriginal whaling quotas must be approved by a 3/4 majority vote at an IWC meeting. However, despite the IWC global moratorium on commercial whaling, whales have still been caught commercially in Japan and Norway over the past 20 years. Japan continues to catch hundreds whales annually, exploiting a loophole for "scientific research", and sells whale products of meat and oil commercially in Japan, while Norway conducts an openly commercial hunt under a legal objection to the moratorium (World Wildlife Fund, 2003; and Hoyt, 2008) . In addition, Iceland has also begun to hunt whales through the "scientific" loophole in 2002, and commenced commercial whaling in 2006 (Humane Society of the United States, 2008).
Besides hunting whales through the "scientific" loophole or engaging in commercial whaling, several countries with strong whaling interests, such as Japan, Iceland and Norway, have applied pressure to lift the ban on commercial whaling to resurrect the whaling industry. In order to achieve the pro-whaling majority, Japan has had to invest heavily in recruiting nations to support their efforts to abrogate the moratorium (Humane Society of the United States, 2007) . Six pro-whaling countries, 5 including St. Kitts and Nevis, Saint Lucia, St. Vincent and the Grenadines, Grenada, the Dominican Republic, and Antigua and Barbuda, proposed a bill that would allow 0.5% of the whale population to be hunted. Such a proposal was signed with Iceland, Norway, Japan, and Russia during the 58 th Conference of the IWC in 2006. The resumption of commercial whaling must be approved by a 3/4 majority vote, so that the pro-and anti-whaling nations, numbering 33 and 32, respectively, have enabled the commercial whaling ban to still hold. However, because these pro-whaling countries continue striving to abrogate the commercial whaling moratorium, whale catching activities may once again be allowed in the near future. If the submission declaring the moratorium no longer necessary is passed, whale watching will be threatened by whaling.
The World Wide Fund (WWF, 2003) noted that whale-watching companies and the tourism industry believe that a resumption of whaling would have a significant negative impact on the growing whale-watching industry. From a recreational and tourism perspective, whaling is usually regarded as incompatible with whale watching as whaling might reduce the number of whales available for watching, disturb or alter the regular activities of those animals, and lead to negative attitudes of whale watchers or potential tourists towards whaling (Hoyt and Hvenegaard, 2002) . The reductions in whale populations and the wary responses of whales to whale-watching 6 boats in whaling activities certainly diminish the potential number of whales for whale watching, and decrease the satisfaction of whale watchers (Hoyt and Hvenegaard, 2002) .
With respect to the attitudes of tourists towards whaling, Herrera and Hoagland (2006) , Parsons and Rawles (2003) and Orams (2001) indicated that whale watchers reacted negatively to commercial whaling, and whale watchers were likely to be discouraged by activities, such as whaling that directly compromise animal welfare.
There are some surveys of whale watchers that show strong evidence that whale watchers do not accept the resumption of commercial whaling. For instance, in a survey of whale watchers in Iceland (Parsons and Rawles, 2003) , 91.4% of whale watchers would not take a whale-watching trip if Iceland were to resume hunting whales. Furthermore, Orams (2001) showed that 83% of yacht-borne visitors and 95% of aircraft-borne holidaymakers were resolutely opposed to the commercial hunting of whales in Tonga.
In previous research, there has been little consideration of how the resumption of commercial whaling might impact on the global whale-watching industry. Taking the reductions in the number of whales available for watching and the negative images of the whaling country into consideration, this paper examines the potential impacts of whaling on the global whale-watching tourism industry. First, since the 7 species of whales that will possibly be available for whaling is the minke whale, the research target is focused on minke whales if the ban on commercial whaling ban is lifted. Before estimating a global whale-watching tourism demand model, a popular approach for estimating population dynamics of minke whales, namely the delay-difference equation model, is developed to calculate the size of the whale population. Second, in order to investigate the reactions of whale watchers to whaling countries, the influence of aboriginal and commercial whaling will be examined and compared.
The data sample is an unbalanced pooled data set, which consists of a total of 120 observations for 63 countries or territories in 1991, 1994, and 1998 . The random effect approaches is used to estimate whale-watching tourism demand models. The econometric software package used is EViews 5.0.
The remainder of the paper is organized as follows. Section 2 introduces the econometric approaches and the data set. The results of the empirical estimation are analyzed in Section 3. Finally, some concluding remarks and policy implications are given in Section 4.
Ⅱ. Empirical Model and Data

A. Model of Global Whale-Watching Tourism Demand
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The purpose of the paper is to develop a global whale-watching tourism demand model and to estimate the impacts of whaling on global whale watching. The demand for tourism, as for other goods and services, depends on the prices of goods and consumer income. Furthermore, Herrera and Hoagland (2006) indicated that the primary focus of whale-watching activity is to view whales in the cetaceans" natural habitat. Based on the observation of whale-watching behavior, the whale-watching demand model for a specific country is a function of prices, income, whale ecological characteristics, and other factors, such as environmental opinion corrected by whale conservation objectives.
A larger whale population in the oceans will increase both the opportunity to contact cetaceans and the satisfaction of whale watchers, and thereby attract greater whale-watching tourism. Therefore, whale population is used as a proxy for the whale-watching ecological characteristic. Moreover, as whale-watching is a category of ecotourism, whale watching with strong environmental protection objectives may lead to a positive image in terms of animal welfare and attract more whale-watching tourists. On the contrary, if whaling is allowed in a whale-watching country, the impact on the whale-watching tourism industry will be investigated here.
Another important component of the whale-watching price is the travel cost.
However, due to the unavailability of travel cost data, per capita whale-watching 9 expenditure is used as a proxy. Finally, the Gross Domestic Product (GDP) of each origin country of whale watchers is the income variable used. Whale watchers in a specific destination may include both domestic and foreign visitors. Owing to the specific characteristics of whale watchers, the income variable consists of the GDP of domestic and foreign tourists. The impacts of GDP on whale-watching demand need to be aggregated. The manner in which we accommodate this global whale-watching demand function is given below.
Suppose the whale-watching demand function in any country can be separated into two groups, domestic and international tourism, the associated demand functions are given as follows: Therefore, the total whale-watching demand in destination country i will be the aggregate of equations (1) and (2), as follows:
where it
LGDP is the linear combination of GDP in the whale-watching destination country i ( it DGDP ) and origin country j (
jt IGDP ). As the it
LGDP should be calculated by taking into account a basket of GDP worldwide, the
it
LGDP is particularly difficult to obtain. As the panel data set includes many countries,
LGDP in whale-watching destination i which accounts for a specific portion of the GDP in each origin country, including destination country i and all other origin countries j, can be substituted by the variable applying OLS to the data transformed by subtracting the country-specific means from the origin data, while the equivalent transformation for the random effects model consists of subtracting only a fraction of the country-specific means (Hsiao, 2003) .
As there are many countries with relatively short time periods included in this paper, the fixed effects model wastes information. Furthermore, the random effects model is asymptotically efficient relative to the fixed effects model (Tuma and Hannan, 1984) . Therefore, random effects estimation is used to investigate the whale-watching tourism demand models.
The global whale-watching tourism demand model can be written as  . In addition, although the purpose of aboriginal whaling is for survival and not for commerce, the activities of aboriginal whaling disregard animal welfare directly. Therefore, the coefficient of aboriginal whaling ( 4  ) is expected to be negative.
B. Bio-economic Model of Whale Population
One of the most popular dynamic whale population models is the delay-difference equation model, which has been used in many studies (see, for example, Clark, 1976; Conrad, 1989; Conrad and Bjørndal, 1993; Horan and Shortle, 1999) . The following delay-difference equation model is based on Conrad and Bjørndal (1993) , where the general form of this delay-difference equation model is given as
where t Y is the adult minke whale population in year t, m is the mortality rate, and
is a recruitment function which indicates that the adult minke whale population in year 1 t  is function of the adult whale population in year   t .
Therefore, equation (6) shows that the adult minke whale population in year 1 t  14 will be the survival adult minke whale population in year t plus the recruitment number when there is no any whale hunting activity.
The recruitment function is assumed as a generalized logistic function when modeling whale populations (Conrad and Bjørndal, 1993) , and is given as
. The IWC believes that the parameter  will be 2.39 as the maximum recruitment occurring, while r is the intrinsic growth rate, and K is a positive parameter.
However, equation (6) must be modified when commercial harvest occurs.
Define t X as the number of commercial harvest, and t Z as an escapement, so that
. Equation (6) is modified as equation (7):
In order to estimate the adult minke whale population using equation (7), some parameters, including m, r, K,  and  need to be obtained. The mortality rate (m) for minke whale ranges from 0.06 to 0.10, 7   , based on the studies by Bjørndal and Conrad (1998) and Horan and Shortle(1999) , while  will be 2.39, as discussed above. The intrinsic growth rate (r) will be simulated from 0.15 to 0.2 based on the studies by Conrad and Bjørndal (1993) and Horan and Shortle (1999) , while K is 15 defined as the adult minke whale population in year 1986.
C. Data
A special survey of whale watching, which included the statistics of worldwide tourism numbers, expenditures, and expending socioeconomic benefits, was implemented by Hoyt in 1991 Hoyt in , 1994 Hoyt in and 1998 . These special reports were approved by International Fund for Animal Welfare (Hoyt, 1992 (Hoyt, , 1995 (Hoyt, , 2001 ). There were 31 countries and overseas territories practiced whale-watching operations in 1991, this had risen to 65 in 1994, and to 87 in 1998 (Hoyt, 1995 (Hoyt, , 2001 ). However, because of the unavailability of data, the data sample in our study is an unbalanced pooled data set, which consists of a total of 120 observations for 63 countries or territories in 1991, 1994, and 1998. For each country, the number of whale watchers ( it W ) and per capita total expenditure of whale-watching ( it TE ) were collected from the Hoyt (1995 Hoyt ( , 2001 reports. The number of whale watchers indicates people who participate in whale watching, which is defined here as the observation of any of the 83 species of cetaceans in their natural habitat from any type of platform -small boat, sailboats, cruise ships, inflatables, kayaks, helicopters and airplanes, in-water swimming, as well as from land-based sites (Hoyt, 2001 (5)).
The estimated results of the adult minke whale population using equation (7) with alternative mortality rates ( 0.06 or 0.1 m  ) and intrinsic growth rates ( 0.15 or 0.20 r  ), are shown in Table 2 . Four possible scenarios of the adult minke whale population are simulated here. According to fluctuations in the global adult minke whale population in different years (Table 2) , the total minke whale population in different areas in 1991, 1994, and 1998 based on the IWC"s figures of estimated minke whale population in different areas (Table 1) , are presented in Table 3 .
The sample is an unbalanced pooled data set, which consists of a total of 120 observations for 18 countries or territories in 1991, 39 countries or territories in 1994, 18 and 63 countries or territories in 1998. Descriptive statistics are presented in Table 4 .
Ⅲ. Empirical Results
As explained in Section 2.1, we estimate the whale-watching tourism demand model using random effects on unbalanced panel data. Table 5 shows the results of a random effects unbalanced panel data model for investigating determinants of the whale-watching demand and estimating the impacts of whaling on global whale-watching tourism demand.
The impacts of whaling on global whale-watching tourism demand are derived from the number of minke whales available for watching, and the negative images of aboriginal and commercial whaling countries. First, the coefficients for the minke whale population are positive and significant (from 0.28 to 0.33). In other words, regarding the impacts of the reductions of minke whale population by whaling, the results show that if one minke whale were caught by whalers, there would be a reduction in whale-watching tourism demand of about 0.28-0.33 watchers. Second, AW and CW are dummy variables used to capture the effects when some countries engage in aboriginal whaling and commercial whaling on tourism.
The estimated coefficients for AW are negative and significant in all scenarios (from -50012.60 to -50794.89), which suggests a significant negative effect of 19 aboriginal whaling on whale-watching tourism. Furthermore, the effects of another whaling activity, commercial whaling (CW), were also found to be significantly negative (from -81843.34 to -84100.97). The estimates confirm the sensitivity to a country engaging in whaling activities that directly harms animal welfare.
In addition, the results confirm that one of the important determinants of whale-watching tourism flows is the gross domestic product ( Moreover, the caught population of minke whales in the current period is based on the whale population in the previous year, and are also provided in Appendix A.
The reductions in whale watchers, therefore, can be calculated by multiplying the estimated coefficients of the minke whale population by the minke whale catch. Table   6 presents the whale catches and the reductions in whale watchers by whaling in the coming decades. For instance, during 2010-2020, the average impact of decreasing whale populations on whale-watching tourism demand ranges from 742 to 1086
persons. Furthermore, the average change in tourism demand decreased by about 823-1077 persons during 2021-2030.
Ⅳ. Conclusions and Policy Implications
The major purpose of this paper was to develop a global whale-watching tourism demand function using an unbalanced panel data model, and to estimate the impacts of whaling on global whale-watching tourism demand. The estimates provided useful insights into how the possible resumption of commercial whaling might impact on the rapidly growing tourism industry of whale watching. Several results from the alternative empirical procedures have been analyzed.
First, as to the effects of the reductions in the minke whale population by 21 whaling, the empirical results indicate that whale-watching tourism demand has been significantly reduced by between 0.28 and 0.33 watchers as each minke whale is hunted. The figures indicate that the average damage levels owing to the whale population decreases by hunting were between 0.28 and 0.33. In addition, if the permissible catch commercial whaling is about 0.5% of the estimated population size, the average impacts of decreasing whale populations on whale-watching tourism demand per year range from 742 to 1086 persons. As expected, whaling would certainly decrease the potential number of whales, and result in avoidance responses to whale-watching boats (Hoyt and Hvenegaard, 2002) . Therefore, fewer whales, fewer species of whales, or more wary whales, would reduce the satisfaction and attraction of whale watchers.
Second, with respect to the attitudes of whale watchers in response to nations engaging in whaling, there is evidence showing that the preference of whale watchers on whaling depends on country. For instance, the empirical results show that both aboriginal whaling for subsistence purposes and commercial whaling would result in significant negative effects on the whale-watching industry. Consequently, any resumption of whaling that changed the protected status would likely damage the whale-watching industry seriously.
The potential impacts of commercial whaling on whale-watching may be mainly 22 derived from the reduction in the whale population available for watching and the negative attitudes of watchers towards whaling. From the results of the negative impacts of watchers" attitudes and the decreasing whale populations available for watching, an even more noteworthy point is that the negative attitudes towards whaling would likely result in an extreme threat to whale-watching tourism.
Furthermore, comparing the negative impacts of aboriginal whaling and commercial whaling on tourism, the reduction in whale-watching tourism arising from commercial whaling was more severe than the damage of aboriginal whaling. Herrera and Hoagland (2006) indicated that, if the IWC moratorium were to be lifted, whale stocks seem unlikely to be threatened seriously by the resumption of commercial whaling, because the limits of allowed catches would be implemented.
On the contrary, as observed in Hoyt and Hvenegaard (2002) and Parsons and Rawles (2003) , the knowledge that whaling is sanctioned in a nation might discourage whale watchers from making visits, as whale-watching proponents are concerned as much about the notion of whaling, as with the level of whaling effort or the number of hunts.
If commercial whaling is allowed in the future, the major threat to the growing whale-watching industry may arise from adverse images towards hunting whales for commercial purposes.
During the 1990s, commercial whaling and whale-watching occurred 23 simultaneously in Norway and Japan. However, whale-watching became more important in these two countries in the same period. In 1998, Norway had more than 22,000 whale watchers spending US$ 12 million, while 102,000 watchers in Japan spent about US$33 million (Hoyt, 2001) . As the minke whale is one of the major whale-watching species in Norway and Japan, if commercial whaling is allowed in the future, more catches of minke whales would result in fewer minke whales for whale watching, and possibly even removing some other whales, and decreasing the attraction of whale-watching tourism.
Iceland is a pro-whaling country with strong whaling interests. However, whaling has been banned in Iceland since 1989 amid international pressure (Björgvinsson, 2003) . The whale-watching industry in Iceland began in 1991, with various species, including the blue, fin, humpback, minke whales, and orcas, and then became a major whale-watching destination in Europe. The number of whale watchers in Iceland increased from 100 tourists spending US$ 17,000 in direct expenditures in 1991, to 60,550 tourists spending about US$ 8.5 million in direct expenditures in 2001 (Hoyt, 2001; Björgvinsson, 2003 (Hoyt, 2008) As the whale-watching industry has provided considerable income for economies and created a positive image for Iceland, the importance of whale watching to the tourism economy has been recognized by Icelandic tourism industries (Parsons and Rawles, 2003) . However, whaling was resumed by Iceland in 2002, and the whale-watching industry might yet again be threatened by whaling. As minke whales in Iceland are the mainstay of the whale-watching industry around Húsavik (Hoyt and Havenegaddar, 2002) , reductions in the minke whale population would influence whale-watching tourism directly. Moreover, the empirical results suggest that the whale-watching industry would be affected significantly by negative images towards whaling.
It may reasonably be concluded that the resumption of commercial whaling has potentially severe negative effects on the global whale-watching industry, especially for countries engaging in whaling. Parsons and Rawles (2003) indicated that whale watchers would not only avoid whale watching, but also boycott trips to a country that hunted whales. In addition to the whale-watching industry, therefore, whaling activities would impact negatively on other tourism industries and tourism-related sectors. As for whale watchers in Iceland, for instance, Björgvinsson (2003) indicate 25 that foreigners comprise 85-90% of whale watchers, and Icelanders the remaining 10-15%. Therefore, reductions in foreign watchers might not only damage the growing whale-watching industry, but also damage other Icelandic tourism-related sectors, such as the airline and hotel industries.
The Icelandic Tourist Industry Association considers that the resumption of whaling would induce a negative image for Iceland, and thereby cause significant damage to the Icelandic tourism industry (World Wildlife Fund, 2003) . Care must, therefore, be taken by the Icelandic Government, and other pro-whaling countries, not to destroy a nation"s reputation, in general, pose a threat to the success of whale-watching and ecotourism, and weaken the development of domestic and international tourism, and other tourism-related business. Note: Numbers in parentheses are t-statistics.
*, ** and *** denote significance at the 10%, 5% and 1% levels, respectively.
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